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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical

activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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tion and/or on the ISO list of patent declarations received (see wwxvis0.org/patents) or the [EC
tent declarations received (see https://patents.iec.ch).
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mittee SC 39, Sustainability, IT and data<centres.
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b1l parts in the ISO/IEC 30134 series-tan be found on the ISO and IEC websites.

dback or questions on thisidocument should be directed to the user’s national standard
complete listing of these bodies can be found at www.iso.org/members.html an
C.ch/national-committegs,
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Introduction

The global economy is today reliant on information and communication technologies and the as

sociated

generation, transmission, dissemination, computation and storage of digital data. All markets have
experienced exponential growth in that data, for social, educational and business sectors and, while the

internet backbone carries the traffic, there are a wide variety of data centres at nodes and hub
both private enterprise and shared/collocation facilities.

s within

The historical data generation growth rate exceeds the capacity growth rate of information and

aving access to an internet connection, that growth in data can only accelerate. In addijti
any governments having “digital agendas” to provide both citizens and businesses with ev
roadband access, the very increase in network speed and capacity will, by itself, generate ey
sage (Jevons Paradox). Data generation and the consequential increase in data processing and
re directly linked to increasing power consumption.

ith this background, data centre growth, and power consumption in particular, is an in
nsequence; this growth will demand increasing power consumptiofy ‘despite the most 9
ergy efficiency strategies. This makes the need for key performance indicators (KPIs) th
the effective use of resources (including but not limited to energy)and the reduction of CO, e}
ssential.

ithin the ISO/IEC 30134 series, the term “resource usage‘effectiveness” is more generally

utput parameters used to define the KPI have the same.units.

he cooling efficiency ratio (CER) allows data centre operators to quickly determine the effic
their data centre cooling system, compare the results, and determine if energy efficiency impro

the design, location and operation of current@nd future data centres.

order to determine the overall resgurce efficiency of a data centre, a holistic suite of

required. This document is one of\a series of International Standards for such KPIs and }
roduced in accordance with ISOAEC 30134-1, which defines common requirements for a holis
f KPIs for data centre resource efficiency. This document does not specify limits or targets for
nd does not describe or imply, unless specifically stated, any form of aggregation of this K
dombination with other KPIs for data centre resource efficiency. This document presents speci
dn CER’s use, along with'its theoretical and mathematical development. This document conclu
several examples of site)concepts that could employ the CER metric.

mmunications technology hardware and, with less than half (in 2014) of the world’s population

bn, with
br-faster
er more
storage

evitable
tringent
at cover
missions

used for

PIs in preference to “resource usage efficiency”, which issrestricted to situations where the ipput and

iency of
vements

eed to be made. The impact of operational cogdling efficiency is proving to be extremely impg¢rtant in

metrics
as been
tic suite
the KPI
P] into a
fic rules
Hes with
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INTERNATIONAL STANDARD ISO/IEC 30134-7:2023(E)

Information technology — Data centres Key performance
indicators —

Part 7:

Cool ffici i0(CER)

1 Scope

—

his document specifies the cooling efficiency ratio (CER) as a key performanceyindicator ([KPI) for
duantifying the efficient use of energy to control the temperature of spaces within a data centrg (DC).

This document:
a) defines the CER of a DC;

H) describes the relationship of this KPI to a DC’s infrastructurexinformation technology equipment
and information technology operations;

d defines the measurement, the calculation and the reperting of the parameter; and
d) provides information on the correct interpretation of the CER.
Annex A describes the correlation of the CER and-other KPIs.

A
Annex B provides examples of the usage of the €ER.

>y

nnex C introduces the parameters that affect the CER.

0>y

nnex D describes requirements andecommendations for derivatives of KPIs associated with the CER.

This document is not applicable tocooling systems that are not powered by electricity (e.g. hegt-driven
dbsorption chillers).

2 Normative reféerences

—

he following ddeuments are referred to in the text in such a way that some or all of their| content
onstitutes requirements of this document. For dated references, only the edition cited applies. For
yndated references, the latest edition of the referenced document (including any amendments)|applies.

Q

]

50/IECG:30134-1, Information technology — Data centres — Key performance indicators — Part 1:
(Qveryiew and general requirements

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 30134-1 and the following
apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2023 - All rights reserved 1
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3.11

cooling efficiency ratio

CER

ratio of total heat removed and electrical energy used by a cooling system

Note 1 to entry: The value of "total heat annual removed" from the DC is measured in kWh.

3.1.2

cooling performance ratio

CPR

ratio of actual heat load and electrical power used by a cooling system

Note 1 toentry: The actual heat load is measured in kW.

3.1.3
energy loss

dissipatjon of energy caused by electric utilities
Note 1 toentry: The energy loss turned into heat are measured in kWh.

Note 2 tgentry: Energy loss is caused, for example. by transformers, uninterruptiblepower supply (UPS), fans
computef room air handling units (CRAH), pumps, lighting, power cables.

3.2 Abbreviated terms

For the purposes of this document, the terms and definitions given'in ISO/IEC 30134-1 and the followin

apply.
CEF
CER
Cop
CPR
DC
EER
HVAC
iCER
NSenCOP
PUE

pCEF

)

')

cooling efficiency factor

cooling efficiency ratio

coefficient of performance

cooling performance ratie

data centre

energy efficieney ratio
heating,ventilation, air conditioning
interim’ cooling efficiency ratio

net sensible coefficient of performance

power usage effectiveness

partial cooling efficiency factor

pPUE

PPUEQyac
SEER

UPS

3.3 Symbols

partial power usage effectiveness
partial power usage effectiveness for heating, ventilation and air conditioning systems
seasonal energy efficiency ratio

uninterruptible power supply

For the purposes of this document, the following symbols apply.

© ISO/IEC 2023 - All rights reserved
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E

cooling

Ecooling,DC

E

cooling,other

E

cooling,room

E

cooling,subsystem

ISO/IEC 30134-7:2023(E)

cooling system energy consumption (annual) in kWh

part of E that is attributed to the DC in kWh

cooling

partof E that is not attributed to the DC in kWh

cooling

part of E. that is allocated to one room of the DC in kWh

ooling

electrical energy use of the sub-system in kWh

i heat

wel

heat,room

el

heat,DC

EIT

el

IT,room

wel

losses

wel

losses,room

wel

total,room
Bpc

Hec

FEC,p
cooling

A heat

R CE

R CP

nIU,P,p

Mu,p

.‘k

Applicable area of the data centre

The CER-as specified in this document:

-+ <is associated with the DC infrastructure within its boundaries only:

electrical energy transferred to heatin kWh

electrical energy allocated to one room transferred to heat in kWh
electrical energy of the DC that is transferred to heat (annual) in kWh
IT equipment energy consumption (annual) in kWh

IT equipment energy consumption (annual) allocated te'one room in kWh
electrical energy losses (annual) in kWh

electrical energy losses (annual) allocated to one room in kWh

total energy consumption allocated to onestoom (annual) in kWh
total DC energy consumption (annual}\in kWh

cooling efficiency factor

partial cooling efficiency facter

actual electrical power.of'the cooling system in kW

actual heat load in kW

cooling efficiency ratio

cooling performance ratio

power-usage effectiveness, PUE

partial power usage effectiveness, pPUE

— describes the efficiency of a cooling system with respect to its electrical energy use.

Derivatives of the CER which are useful in certain circumstances are described in Annex D.

© ISO/IEC 2023 - All rights reserved 3
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5 Definition of the CER
The CER, R, is defined according to Formula (1):

E
RCE — heat (1)
Ecooling

Both Ej,o, and E,qing shall be measured in kWh and for the same time period.
NOTE Within ISO/IEC TS 22237-7:2018, Formula (1) is designated as the energy efficiency ratio (EER). This
will be cgrrected with the revision of ISO/IEC TS 22237-7.
The follgwing applies to dedicated DC infrastructures:

Ehea = Eheat,DC

E =E

coo

Figure 1 sh

where

Epc = Eyj

The caldg
the DCi

E hea

E}r shall

If availa
transfor

For shar

ing cooling,DC

ows the relationship between the different energy forms for dedicated DC infrastructuress
EDC
EIT Elosses Ecooling, BC
Eheat, DC

+ Elosses + Ecooling, DC

Figure 1 —@®edicated cooling system

ulation of the heat load of the DC is based on the assumption that all electrical energy used iph
b transferred to heat:

DC = EIT + Elosses

be measured imaccordance with ISO/IEC 30134-2.

ble, E),ss05. Shall include all other electrical losses, e.g. electrical energy of UPS, energy storage
mers, power cables or lighting transferred to heat within the DC boundaries.

-

=)

ed-€o06ling systems in multi-purpose buildings, which include a DC, the energy consumption ¢

the cool

ngsystem is determined from the energy consumption from the shared cooling system.

Figure 2 shows the relationship between the different energy forms for shared cooling systems in
multi-purpose buildings including a DC.

EDC

EIT Elosses E

cooling,DC

E

cooling,other

Eheat,DC E

cooling
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Where

E

cooling,DC is the part of the energy use for the entire shared cooling system to remove the DC related heat loads;

E

cooling,other is the part of the energy use for the entire shared cooling system to remove non-DC related heat loads.

Figure 2 — Shared cooling system

6 Measurement of CER

o

.1 General

he calculation of CER requires the recording and documenting of total heat semoved and e
nergy used for cooling over a coincident period of 12 months. This documeént does not spg
Fequency of measurements of total heat removed and electrical energy used-for cooling, sind
alculated on an annual timeframe. However, the frequency of measurement employed will dg
ming of subsequent CER calculations on a rolling annual basis.

. Q =h @ =

6.2 Requirements

The measurement of CER requires the measurement of the total heat removed and the electricg
sed in the same period.

(et

h order to measure the heat removed, the volume of the)coolant and its heat capacity shall be m
h cases like direct free cooling, every parameter irnfluencing the heat capacity (like humidity)
neasured for an acceptable accuracy of the calculation of the heat removed. In case of redunda
very pipe shall be measured.

D = =

or the electrical energy use all components of the cooling infrastructure (like pumps) valves e
e measured and included in the energyused. Electrical metering shall be based on kWh, not g
h kW. In the case of energy reuse, the energy consumption of additional systems for distriby
eused heat in the building shall not'be part of the electrical energy consumption. Annex B shal

4 = o

et

h cases where it is necessary\to describe versions of the CER for measurement periods of less
honths or for DC subsystems, the measurements described in Annex D shall be used.

=

4.3 Recommendations

[)Cs should implerent meters with remote reading and data history storage capabilities.

7 Application of CER

lectrical
cify the
e CER is
bfine the

1l energy

basured.
shall be
nt pipes,

tc., shall
n power
ting the
1 apply.

than 12

(ERean be used by DC managers to report the eff1c1ency of the coohng system used to co

trol the
b a more

hohstlc plcture of the resource eff1c1ency of the DC other KPIs descrlbed in the ISO/IEC 30134 series
should be considered. When using CER, the PUE in particular should be considered. Where CER is

reported, the corresponding PUE value should also be reported.
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8 Reporting of CER

8.1 Requirements

8.1.1 Standard construct for communicating CER

For areported CER to be meaningful, the reporting organization shall provide the following information:

v

a) the DCunder inspection;

b) the CER value [or cooling performance ratio (CPR) value; see D.4];

c) the fermination date of the period of measurement using the format of ISO 8601-1 (e.g. yyyy-mn]
dd),

8.1.2 Pata for public reporting of CER

8.1.2.1 | Required information

The follgwing data shall be provided when publicly reporting CER data:

a) contactinformation;
NOT[E1  Only the organization’s name or contact are recommendéd to be displayed in public inquiries.

b) DC location information (address, county or region);
NOT[E 2  Only state or local region information is require@to be displayed in public inquiries.

c) megsurement results: CER with appropriate noménclature;

d) use|case: dedicated DC infrastructures or. shared cooling systems in multi-purpose building
incliiding a DC.

8.1.2.2 | Required supporting evidence

Informafion on the DC which shall be‘available upon request as a minimum includes:

a) organization’s name, contactinformation and regional environmental description;

b) megsurement resultssCER with appropriate nomenclature;

c) medsurement(s),start dates and assessment completion dates;

d) E;rvalue;

e) reportonthe size of the computer room, telecom room and control room spaces;

f) extdrnal environmental conditions consisting of minimum, maximum and average temperatur
humidity and altitude;

g) corresponding PUE value and category.

NOTE The IEC 62052 series and the IEC 62053 series provide a reference for the measurement of electrical

energy.

8.1.2.3 Example of reporting CER values

Using the construct of 8.1.1, examples of specific CER designations and their interpretation are given as
follows.

© ISO/IEC 2023 - All rights reserved
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ample CER designation:

DCX: CER (2018-12-31) = 3,5

Interpretation: In the year 2018 the CER value of DC X was 3,5.

8.2 Recommendations

The following information can potentially be useful in tracking the CER trends within a DC:

E

H

_— =

—

K
1

DC size (facility m#);
) total DC design load for the facility (e.g. 10 MW);
name of the possible auditor and method used for auditing;
) DC contact information;
DC environmental conditions;
DC location and region;
) DC’s mission;
) DCarchetype percentages (e.g. 20 % web hosting, 80 % etnail);
DC commissioned date;
numbers of servers, routers, and storage devices;
) average and peak server CPU utilization;
percentage of servers using virtualization;
) average age of IT equipment by type;
) average age of facility equipment-by type (cooling and power distribution equipment);
) DC availability objectivesy(see ISO/IEC 30134-1:2015, Annex A);
) cooling and air-handling details.
OTE Other KPIs-within the ISO/IEC 30134 series can assist in the recording of the above informat

h general, the CGER should be reported to one decimal place. However, depending on the acc
oth measurements, the heat removed and the electrical usage, more than one decimal placq
eported.

eporting of CER for external communication should be accompanied by additional cooling co1
ke“usage of direct free cooling or water. Where KPIs exist for these conditions, they sH

ion.

uracy of
may be

hditions,
ould be

d

etérmined and reported together with the CER.

For usage in energy management and verification of measures of improvement, a report of interim
cooling efficiency ratio (iCER; see D.1) can be plotted against the outside air temperature and humidity,
if applicable. As there is a strong dependency of the iCER from outside air temperature and other
conditions like humidity for most energy efficient cooling systems, every improvement can be detected
in a shift of the iCER value at the same outside air temperature.

© ISO/IEC 2023 - All rights reserved
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Annex A
(informative)

Correlation of CER and other KPIs

Al G
Cooling

for optimization of energy efficiency. The partial PUE (pPUE) of the cooling infrastructure\provide

insight i
energy 1
pPUE in

1<

where

Nu,p,

Nuy,p
See ISO

Measuring the heat removed divided by the electrical energy used by the cooling infrastructure

provide

A2 D

There a

bneral

is one of the most important aspects of energy use in a DC, and one with the largest potentid

nto that potential in comparison to the other parts of the infrastructure, but it isidess helpful i

5= n —

hanagement to verify the effect of improvements of the cooling infrastructure;as the value of
general is between 1 and the PUE of the DC, as shown in Formula (A.1):

upp <Mup (A.D
b is the power usage effectiveness, PUE;

is the partial power usage effectiveness, pPUE;

IEC 30134-2 for the definition and further information on the usage of PUE and pPUE.
a much more sensitive KPI.

iscussion of existing terms foriperformance rating

jom

e already multiple terms defined for performance rating of machines (e.g. heat pumps an

cooling ¢quipment) as one part of theientire cooling system, e.g. in Reference [6] and Reference [10]; sele
Table A.lL. All terms in Table A.1 only~deal with machine characteristics, defined under fixed conditions.
There is| currently no term of-efficiency for the entire cooling system based on real life measurementfs
during JC operation. CER and €PR close this gap: both are based on measurements under real conditionls
in DC operation. CPR refers\to COP and CER refers to SEER.
Table A.1 — Terms of efficiency of cooling machines
Term Abbreviated term Infrastructure Comments
Coefficignt 6f performance cop Heat pumps Machine characteristic,
defined under fixed condi
tions
Energy efficiency ratio EER Cooling machines Machine characteristic,
defined under fixed condi-
tions
Seasonal EER SEER Cooling machines Defined for the period of
one year
Net Sensible Coefficient of NSenCOP Computer room air condi- Includes allowances for
Performance tioners outdoor heat rejection fans
and fluid pumps
The coefficient of performance (COP) is a value based on actual heat load and electrical power. It

describes the performance under controlled, optimal conditions, thus giving a maximum value for

8
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performance, not a realistic one for operation in a real DC. Furthermore, it is defined for heat pumps,
not for cooling infrastructure.

According to References [6] and [10], the EER is a ratio of the cooling capacity to the power input value
at any given set of rating conditions. It also describes the performance under controlled conditions, but
it already acknowledges the influence of part load operation of a cooling infrastructure.

According to Reference [6], the SEER is the total heat removed from the conditioned space during
the annual cooling season divided by the total electrical energy consumed by the air conditioner or
heat pump during the same season. It describes the performance of a cooling infrastructure under
real conditions based on a period of a full year. It therefore accounts for the dependency of the¢ EER on

diimate conditions, or, to be more precise, on the outside air temperature.

© ISO/IEC 2023 - All rights reserved 9
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Annex B
(normative)

Examples of usage of CER

B.1 Determining PUE in data centres with different computer rooms using CER

Operatofs of DCs with multiple rooms that have different characteristics (e.g. in energy dengity of thie
racks orjair flow strategies) can wish to compare the energy efficiency of these rooms. The calculatiop
of a PUH value for each room (pPUE) can be a challenge when infrastructure is shared within the D(
On the gower trail, this issue can be solved by an appropriate set of sub-meters providing the ability t
accountifor IT energy and the electrical energy losses (e.g. from UPS, energy storage/ etc.).

[© -

Accountjing for the usage of electrical energy for a central cooling infrastructure f€quires the calculation
of the hgat load of every room using Formula (B.1):

Ehea room — EIT,room + Elosses,room (B-])

The totdl energy used by each room can be calculated based on,the CER of the cooling infrastructure
and the palue of E} ., for each room, as shown in Formula (B.2):

Etot l,room = ElT,room + Elosses,room + Ecooling,room =
. L (B.2)
Ehee t,room + Ecooling,room = Eheat,room 1+ R
CE

where

RCE,Ioom = Eheat,room / Ecooling,room = RCE < Eheat / Ecooling

NOTE Symbols with the index "room! stand for values that refer to a specific room.

Since the IT energy for each rqom’is known, a PUE value can be determined for each room withoyt
room-bgsed heat measurements.

The calgulated PUE in this~clause ignores potential advantages of the different air flow strategies.
Enclosedl environmentsyusually lead to a higher temperature spreading over IT and lead to highdr
tempergtures at the‘HVAC inlet and thus to a higher temperature of the cooling fluid. When routes of
cooling pipes of different computer rooms with different temperatures are combined, the temperature
before the cooling’system is a mixture of these temperatures. As this clause concerns a situation with
multipld roems using a shared cooling infrastructure, it remains a valid approach to compare differerjt
rooms i1|1 this special DC. It does not provide a general PUE value for the different air flow strategies.

B.2 Determining CER in cases of energy re-use

Re-use of energy is an important strategy for overall energy efficiency. DCs can contribute significantly
to energy re-use by providing heat to premises that need heat. Therefore, heat transferred beyond the
border of a DC can be measured and accounted for in the KPI energy re-use factor (see ISO/IEC 30134-6).

CER is a KPI used to characterize the efficiency of a DC sub-system, i.e. the cooling infrastructure. The
infrastructure to distribute heat in a building is not considered as a part of the DC. Therefore, all energy
needed to transfer the heat out of the borders of the DC shall be accounted for in the denominator of
CER formula. Any additional systems to distribute heat in the building and their energy use shall be
accounted for in building management and its related KPI.

10 © ISO/IEC 2023 - All rights reserved
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Annex C
(informative)

Parameters influencing CER

=)

.1 Adjustment of temperature

oy

ir handling units, if technically capable, can be configured regarding two important panametd

jo5)

fan speed, defining the amount of air circulated in the computer room;
) lower temperature of the coolant, defining the cooling power.

Vhile the first parameter has a major impact on the partial PUE of the HVAC, the latter one ha
n CER.

o < o

he higher the lower temperature for the air handling units, the lower their cooling power. Buf
pbad operation, a lower cooling power can be sufficient. Rising the lower temperature is bene
ystems using free cooling, as the period of sufficient difference of outside air temperature
emperature can be extended. Using free cooling over a longer period throughout the year lg
igher CER for a full year.

ot »n —

—

herefore, adjusting lower temperature for coolant in‘air handling units influences CER.

(.2 Demand of cooling

Ihside the cooling infrastructure, a set of(pumps ensures the flow of coolant through the pipes {
Handling units. A reduction of the volume of coolant down to the demand of cooling avoids unn
dumping. This directly improves the value of CER as less electrical energy is used by the
ipfrastructure, serving the same'lD load and thus heat load.

I's:

5 impact

for part
ficial for
to lower
ads to a

o the air
pcessary
cooling
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Annex D
(normative)

Derivatives of CER

D.1 Purpose of CER derivatives

—

It can bg necessary to describe versions of CER for measurement periods of less than 12 months g
for DC spibsystems. Derivative CER terms are designated for this purpose. They provide the, value as
variant ¢f CER to describe a specific situation or set of conditions. Each derivative shall bexaccompanie
with spécific information that describes the specific situation.

[SFE)

D.2 Using CER derivatives

—_—

CER repprting shall be consistent with PUE reporting. The boundary conditions of the PUE report sha
be the same for CER reporting. For reporting CER, if there is a derivative:PUE, a derivative CER with th
same boundary conditions shall be provided.

D

=)

Combingd use of the terms is permitted to describe specific situations and values. An example use (
these dgrivatives is:

interim pCER (2021-08-01:2021-08-31) = 3,1 [ref. jjj]
[iji]: [boundaries of the DC, shared cooling, space, physical security]

40 % IT[load, environmental conditions, etc.

D.3 Interim CER

(s

of IT engrgy and total heat removed from the DC for at least one year. Reporting requires accompanying

The defi{ition of CER clearly indicates that it is an annual figure and requires continuous measuremer
every CER value with its category,and the period of measurement (see 6.2).

For enefgy management purposes, it can be useful to measure and report periods smaller than
full year. These values shall’be designated as iCER. They shall also be accompanied by the period
measur¢ment, and the{©ther context and reporting information required for annualized CER.

— D

D.4 Determination of CPR

D.4.1 C(alculation of CPR

For small periods, iCER evolves into the direction of a COP for cooling infrastructure, but under real
operation conditions as a parameter dependent on the load and the outside air temperature.

The CPR is defined according to Formula (D.1):

By
Rep :P;at (D.1)

cooling

Both nominator and denominator shall be measured at the same period.

12 © ISO/IEC 2023 - All rights reserved
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D.4.2 Measurement of CER

D.4.2.1 Requirements

Determining CPR requires determination of heat load and power usage on a small timeframe. The size
of this timeframe depends on the intended use of CPR, e.g. in the process of capacity management, and
the technical capabilities of the meters and the monitoring infrastructure.

For an acceptable accuracy of the CPR, it is necessary to ensure a precise alignment of the measurement

arviad ofbath foctore of+tha CDD 1 o thao baqt rarmmouad ~nd thao alacteical oagn
perea-erBottaeterSortRe-orroHe—tReneat remeveaahRattne-ereetrcar vsage-

D.4.2.2 Recommendations

[)Cs should implement automation of meter reading and data processing in order.toe cope yith the
xpected amount of data.

(0}

I).4.3 Reporting of CER

=

).4.3.1 Requirements

eporting of CPR requires the point in time of determination, e.g, “2019-07-15 at 13:30 h CPR was 2,3”
r “2019-01-12, at 5:15 h CPR was 12,7”. In general, the CPR shall be reported to one decimpl place.
owever, depending on the accuracy of the measurement of €PR, more than one decimal plac¢ may be
eported, but not more decimal places than reported for CER«

=S T O d

s the CPR depends greatly on outside air temperature and other conditions, like humidity, for most
nergy efficient cooling systems, reporting of CPR shall contain these conditions.

D o

o

).4.3.2 Recommendations

Hor usage in capacity management, CPR should be plotted against outside air temperature and humidity,
fapplicable. The minimum of CPR is usually a better indication for the maximum power requirgment of
he cooling infrastructure than the:data given on the name plates of all components.

-+ —-

I).4.4 Using CPR in capacity-management

[Jetermining the utilization/of main power supply and generators requires knowledge of mjaximum
dower demand of all infrastructure sub-systems. While peak load of UPS systems can be mpnitored
jnd related to IT lead;”maximum load of the cooling infrastructure depends on IT load and outside

ir temperature.(Machine characteristics provided by vendors can deviate from power dempnd in a
real DC. Therefore, a metric is required to determine power demand of a cooling infrastructure under
ihdividual, real operating conditions. This metric can be provided by CPR.

Accordingto D.4.3.2, a plot of CPR against outside air temperature and humidity (if applicable) leads
tp a better understanding of the real power demand of a cooling infrastructure. Typical values of CPR
fprcompressor-based cooling systems are in the range of 2 to 3. At moderate outside air temperature,

£3 H pa | £ L 1 1ol 2 A | 1€ 1; +
PLlllllLCu DyDLClllD Cadll ALIlIItvi vaiuts vwttil daUUVUe J, dS5S UU dIl' ITCTT LUUlllls D_yDLClllD.

At higher outside air temperatures, the values of CPR can fall below 2 and for low-part loads even below
1, e.g. the cooling infrastructure requires more electrical energy then the amount of heat it removes.
Although this ought not to occur at higher loads and does not put the total capacity of a DC at risk, CPR
should be monitored at different IT loads to verify the development of CPR to higher values at higher IT
loads.
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